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(54) Filter medium having improved filtration and strength characteristics 



(57) The invention is directed to a nonwoven filter 
material having improved filtration and strength charac- 
teristics such that the medium can be pleated, if 
desired, without losing strength or being damaged; and 
a process for making such filter medium. The nonwoven 
filter material is comprised of thermoplastic filaments, 
the preferred filaments being polyester fibers in two 



denier-per-filament ranges of 0.5-2.5 and 2.5-7.0. Fur- 
ther, one and preferably both of the two different dpf fil- 
ament are of the core-and-sheath type. While any of the 
non-woven processes may be used in making the non- 
woven filter medium of the invention, the preferred proc- 
ess is a one-step spun bond process. 
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Description 

FIELD OF THE INVENTION 

[0001] The invention relates to the art of filtration and s 
in particular to a filter medium having a plurality of lay- 
ers, improved filtration characteristics and improved 
strength characteristics such that the medium may be 
pleated without losing its stiffness or being damaged. 

w 

BACKGROUND OF THE INVENTION 

[0002] The present invention is directed to filters, the 
construction of filters, the materials used in the con- 
struction of filters and the uses of such filters. The is 
invention is further directed to the filtering of particles 
from fluid streams, for example, air, gas or liquid 
streams. 

[0003] Fluid streams such as air, gas or liquid streams 
frequently carry particulate matter. Common examples 20 
are the dust particles one often sees in the air when the 
angle of incident light is in the right direction. In many 
instances it is desirable or even necessary to remove 
such particles. For example, the production of semicon- 
ductor materials and microchips requires the use of 25 
clean rooms in which the ambient particulate level must 
be reduced to extremely low levels. Further, federal, 
state and local regulations require effluent fluid streams 
from industrial processes to contain particulate matter 
not exceeding specified levels. Other examples include 30 
reducing particulate matter in the air intake streams of 
internal combustion engines, aircraft passenger cabins 
and gas turbines, or reducing the particulate matter in 
the effluent streams of cement manufacturing plants, 
fiber manufacturing operations, machining operations, 35 
milling processes such as flour production, and similar 
industrial processes spanning almost every industry. 
[0004] The principles and problems involved in remov- 
ing particulate matter from fluid streams have been 
described in numerous patents and publications such 40 
as U.S. Patent Nos. 5,672,399, 5,364,456, 5,238,474 
and 5,082,476. In general, the problem one encounters 
in designing a filter medium is one of a trade-off 
between filter efficiency, filter fluid permeability and filter 
"lifetime" or capacity. Efficiency may be defined as the 45 
ability of a filter to capture particulates rather than allow 
them to pass. Typically, the more efficiently a given filter 
medium removes particulate matter from a fluid stream, 
e.g., air, the lower is its air permeability and the shorter 
is its lifetime. so 
[0005] The lifetime of a filter may be defined in terms 
of a selected limiting pressure drop across the filter. 
When this pressure drop is reached, even after cleaning 
when cleaning is used, the filter is said to have reached 
its lifetime because pressure buildup on the inlet side of 55 
the filter, i.e., backpressure, has now reached an unac- 
ceptable level. The time it takes for a filter medium to 
reach its lifetime limit is directly related to the load 



placed on the filter and the inability of the filter medium 
to release the load, if the filter medium is cleaned. The 
heavier the load applied to a given filter medium and the 
less cleanable that medium is, the shorter will be its life- 
time. For different filter mediums of equal efficiency, a 
longer lifetime is generally associated with the filter's 
ability to achieve a higher particulate loading before 
reaching the selected pressure drop. 
[0006] Filter design is focused on two types of filter 
media: surface-loading media and depth-loading media. 
Surface-loading media, as their name implies, primarily 
collect particles on their surface. Often, surface- loading 
media comprise a dense layer of a material; for exam- 
ple, the cellulose fibers in a paper filter medium. Such 
filters have a porosity in order to permit a fluid to flow 
through the medium. As the fluid flows through the filter 
material, the particulate matter in the fluid is trapped on 
the upstream (inlet) side of the filter. As a result of such 
trapping, the filter acquires an initial layer of particulate 
matter and exhibits a rise in efficiency. Generally, this 
phenomena is referred to as "seasoning" a filter. With 
the passage of time, the capacity of the filter is reached, 
the pressure drop reaches its limit, and the medium has 
to be replaced or cleaned of accumulated particulates. 
[0007] As is well known to those skilled in the art, the 
total capacity of a filter unit utilizing a given filter medium 
is directly related to the surface area of the filter medium 
contained in the unit. At a given input rate of particu- 
lates, the higher the surface area, the longer the time 
between required replacement and/or cleaning. Typi- 
cally, in a given filter unit, the surface area in a filter unit 
can be increased by using a pleated filter medium in 
place of a "flat" (i.e., non-pleated) medium. However, it 
should be noted that while pleating may increase the 
capacity of a filter unit in an absolute sense, the capac- 
ity of the filter medium per unit surface area may remain 
unchanged. It may also increase due to relatively slower 
medium face velocities which could result in greater effi- 
ciencies and lower pressure drops. 
[0008] Where cleaning of a filter medium is either 
impossible or impractical, depth-loading media are fre- 
quently used in place of surface-loading media. Gener- 
ally, depth-loading media comprise a relatively thick 
tangle of fibrous material as opposed to the relative thin 
nature of surface-loading media. Depth-loading media 
are usually defined in terms of their solids content, den- 
sity or porosity. For example, a depth filter medium 
defined as 3-4% solids would comprise fibrous medium 
wherein approximately 3-4% of the overall volume of the 
medium comprises the fibrous material (solids) and the 
remaining 96-97% of the volume is fluid (e.g., air, gas or 
liquid) space. 

[0009] In addition to being defined by its solids con- 
tent, a depth-loading medium may also be defined in 
terms of the diameter of the filaments or fibers constitut- 
ing the medium. For a filter medium of given solids con- 
tent) the smaller the diameter of the filaments or fibers 
used to make the medium, the smaller will be the pore 
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size or interstitial spaces of the resulting medium and 
the greater will be the medium's efficiency. That is, as 
one reduces the diameter of the filaments or fibers con- 
stituting the filter medium, the more effectively the 
medium will trap smaller particles. 5 
[0010] Generally, depth-loading media are usually 
thick and have a relatively constant or uniform density. 
While some density fluctuations may occur, these are of 
a relatively minor nature and do not substantially effect 
the filter medium's performance. Furthermore, it is 10 
known in the art to combine separate filter media of var- 
ying density in order to create an overall, composite fil- 
ter medium which can be loaded throughout its depth. 
For example, in inlet to outlet direction, one might com- 
bine a first filter medium for removing relatively "large" 15 
particulates (e.g., down to 100 microns) with a second 
filter medium for removing "intermediate" sized particu- 
lates (e.g., 100-20 microns) and a third filter medium for 
removing relatively "line" particulates (e.g., 20-5 
microns). In this hypothetical configuration, particles 20 
smaller than about 5 microns may pass through the fil- 
ters. As those skilled in the art will recognize, changing 
the nature of the individual filter media can result in 
smaller or larger particles being allowed to pass through 
the overall filtration system. 25 
[0011] Examples of various filter media can be found 
in numerous United States patents and in other publica- 
tions. For example, U.S. Patent No. 5, 672,399 to Kahl- 
baugh et al. describes a pleated air filter construction 
having a fine filter medium secured to a coarse filter 30 
medium. U.S. Patent No. 4,714,647 to Shipp et al. 
describes a process for forming a filter medium by 
sequentially depositing layers of melt-blown thermo- 
plastic fibers having the same composition but differ- 
ently sized onto a collector to form a web having a 35 
gradient across its depth so that large particulates can 
be trapped across the filter medium depth without pre- 
maturely plugging the fine fiber, high efficiency layers. 
U.S. Patent No. 5,665,235 to Gildersleeve et al. 
describes a supported fibrous web assembly made by 40 
joining a first separate support material in a face-to-face 
manner to a second separate nonwoven web of multi- 
component fibers comprising a first polymer and a sec- 
ond polymer such that the second polymer is present on 
at least a portion of the surface of the multicomponent 45 
fibers and has a softening temperature below the sof- 
tening temperature of the first polymer. U.S. Patent No. 
5,397,632 to Murphy et al. describes a nonwoven lami- 
nated composite consisting essentially of: (a) an outer 
substantially fully bonded air-permeable continuous pol- 50 
yester web, (b) an outer substantially fully bonded air- 
permeable high loft batt [the support], and (c) an inter- 
mediate unbonded air-permeable continuous polyester 
web; wherein (a), (b) and (c) are mechanically secured 
together by needle-punching. 55 
[0012] Additional U.S. patents describing materials 
which may be used as filtration media include 4,952,560 
to Sorrick {a filter media comprising a top, a middle and 
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a bottom layer, the middle layer comprising a support 
web of cotton fibers and a mesh supported by the web); 
5,597,645 to Pike et al. (a filter medium containing an 
electretized nonwoven web of crimped fibers); 
5,496,627 to Bagrodia et al. (composite fiber structure 
having at least two layers, the first layer being a nonwo- 
ven fibrous structure made of grooved fibers and a sec- 
ond layer being a fibrous material that affords high filter 
efficiency); and 4,732,675 to Badolato et at. (a density 
gradient filter medium for blood made by joining three 
separate layers of synthetic fabric laid together in a 
face-to-face manner in which the separate fibrous layers 
are provided in the form of a needle-loomed, calend- 
ered nonwoven fabric as exemplified by the figures 
therein). 

[001 3] While the art has disclosed a variety of filtration 
media which meet and solve various problems, there 
still exists a need for improved filtration media. In partic- 
ular, there exists a need for filtration media with an over- 
all improved combination of good stiffness, high 
capacity and efficiency, the ability to be pleated and 
good resistance to "layer" separation. 
[0014] Accordingly, it is the purpose of the present 
invention to provide a filter medium having a plurality of 
layers with an improved combination of good filtration 
and stiffness characteristics, and good layer anamina- 
tion or separation resistance, and which is pleatable, if 
pleating is desired. 

[0015] It is a further purpose of the invention to pro- 
vide a filter medium having a plurality of layers wherein 
the medium comprises synthetic filaments (or fibers or 
yarns) of at least two different denier per filament (dpf), 
the filter medium resulting from the use of such fila- 
ments having improved filtration, stiffness and good 
delamination-resistance characteristics such that the 
medium can be pleated for use in a filtration apparatus 
with no loss of such stiffness and filtration characteristic. 
[0016] The invention also comprises a nonwoven, 
spunbonded filter medium having a plurality of layers of 
synthetic filaments wherein the filaments of a selected 
layer may be (1) of a single type, preferably of the heter- 
ofil type, or (2) bicomponent comprised of base polymer 
filament(s) and bonding filament(s). (See Fig. 4). The fil- 
aments are made of a thermoplastic material, and pref- 
erably of a polyester material. Examples of heterofil 
fibers or filaments are found in the Encyclopedia of Pol- 
ymer Scienc e and Engineering. (John Wiley & Sons, 
New York 1985, Vol. 6, pages 830-831 , and Fig. 7 ther- 
eon). Examples of heterofil filaments or fibers include 
side-side, core-and-sheath, multiple-segment, islands- 
in-the-sea and matrix-fibril fiber structures as shown on 
page 830, Fig. 7. As used herein, the term "core-and- 
sheath" may be used both individually and also collec- 
tively as signifying all these examples of heterofil fila- 
ments, 
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SUMMARY OF THE INVENTION 

[0017] The invention provides a nonwoven filter 
medium having a plurality of layers, said layers compris- 
ing at least two filaments having different chemical 5 
and/or physical characteristics; for example, as being 
made of different thermoplastic materials, being of the 
heterofil type and single polymer material type, having 
different dpf values, and similar physical and/or chemi- 
cal characteristics. 'o 
[0018] in one preferred embodiment a heterofil fila- 
ment of the core-and-sheath type is used in combina- 
tion with a base polymer filament which is not a core- 
and-sheath filament, the sheath component of the core- 
and-sheath filament having a lower soften ing/me It ing is 
point than the core component or the base polymer. It is 
also possible to reverse this embodiment in that the 
base polymer has a lower melting/softening point than 
one or both components of the core-and-sheath fila- 
ment. 20 
[0019] In a second preferred embodiment a base fila- 
ment is used in combination with a non-heterofil fila- 
ment having a lower softening/melting point; for 
example, a first higher softening/melting polyester or 
nylon base polymer in conjunction with a second lower 25 
soften i ng/melting polymer. An example is shown in Fig. 
4B. 

[0020] In another preferred embodiment all the fila- 
ments are core-and-sheath filaments, with different 
medium layers having differently sized filaments. If a 30 
core-and-sheath filament is used in practicing the inven- 
tion, the sheath material has a lower melting or soften- 
ing (melting/softening) point than the core material, and 
a melting or softening point either lower than or sub- 
stantially the same as any other filament used to make 35 
the filter medium. 

[0021] In a further preferred embodiment of the inven- 
tion, the filaments used to make the filter medium are 
thermoplastic synthetic filaments, polyester filaments 
being the particularly preferred synthetic filaments. 40 
[0022] in an additional preferred embodiment of the 
invention, approximately 25% by weight of the filter 
medium has filaments with a dpf from about 0.5 to about 
2.5, and approximately 75% by weight of the filter 
medium has filaments with a dpf from about 2.5 to about -*5 
100. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 50 

Fig. 1 illustrates the spunbond process to make the 

filter medium of the invention. 

Fig. 2 illustrates an embodiment of the filter medium 

of the invention as it is described in Example 1, 55 

wherein a fine filter layer is succeeded by coarser 

support/filter layers. 

Fig. 3 illustrates an embodiment of the invention as 
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it is described in Example 2, wherein a fine filter 
layer is between two coarser support/filter layers. 
Figs. 4A and 4B illustrate the binding of filaments in 
a one lilament environment (core-and-sheath) and 
the binding of the filaments in a two filament or 
bicomponent environment, respectively. 
Fig. 5 illustrates an embodiment of the invention as 
is described in Example 3, wherein a BAAB 
medium is formed in which "two" finer A layers are 
between two B layers. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] As used herein, the term "bicomponent" refers 
to the use of two filaments made of different polymers 
which are used to make a single nonwoven matrix or 
material such as the fitter medium of the invention. Tri- 
component, four-component, and so forth have a similar 
meaning. For example, a matrix containing polyethylene 
terephthalate and polyethylene would constitute a 
bicomponent filament material or matrix. Another exam- 
ple of a bicomponent matrix is one using two polyester 
materials of different properties; for example, different 
melting points. Fig. 4B illustrates an exemplary bicom- 
ponent system. 

[0025] As used herein, the term "heterofil" refers to a 
fiber, filament or yarn with two different, distinct poly- 
mers within the fiber, filament or yarn; where the second 
polymer material has a lower melting or softening point 
than the first polymer material. The lower soften- 
ing/melting material or component of the heterofil fila- 
ment may be used to bind or bond various filaments 
together. Different heterolil filaments having different 
lower softening/melting components may be used 
together or in conjunction with non-heterofil filaments. 
All or at least some of the filaments in a nonwoven filter 
material may be bonded together by the lower soften- 
ing/melting component of the heterofil filament. Heterofil 
fibers include side-by-side, core-and-sheath, multiple- 
segment, islands-in-the-sea and matrix-fibril filaments, 
all of which have a lower melting/softening component 
and a higher melting/softening component. A bicompo- 
nent filter medium, or a bicomponent layer within a 
multi-layer filter medium, can thus be comprised of a 
heterofil filament and a non-heterofil filament, two differ- 
ent heterofil filaments, or two non-heterofil filaments. 
Homofil filaments are those composed for a single poly- 
mer material, for example, polyester, polyamide, etc. 
[0026] All percentages used herein are by weight 
unless otherwise specified. Certain aspects of the 
invention relate to the production of fibers, filaments and 
yarns; the distinction usually being that filaments are 
usually thought of as being continuous, fibers as having 
a distinct length, and yarns as being a combination of fil- 
aments and/or fibers. However, for purposes herein the 
terms may be used interchangeably. 
[0027] The filaments used in practicing the invention 
may be any synthetic thermoplastic filament such as 
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polyamides, polyimides, polyacrylates, polymethacr- 
ylates, polyolefins, polyesters and similar polymers 
known to those skilled in the art. Further, the filament 
may be of the core-and-sheath variety as described 
herein. Polyester filaments are preferred. If a core-and- 
sheath filament is used it is preferred that the sheath 
material is a polyester, the core material being a differ- 
ent polyester or other thermoplastic material suitable for 
practicing the invention. 

[0028] Nonwoven materials or fabrics, such as the fil- 
ter medium of the invention, are also called bonded fib- 
ers, formed fabrics or engineered fabrics, and are 
manufactured by processes other than weaving or knit- 
ting. The filter medium of the invention can be made by 
any process known to those skilled in the art which is 
suitable for making a non-woven material. Examples of 
the technologies which may be used for the manufac- 
ture of nonwoven fabrics include: (1) dry-formed, 
carded and bonded, (2) thermal-bonded, (3) air- 
bonded, (4) web-formed, (5) spunbonded, (6) melt- 
blown, (7) spunlaced, (8) needlepunched, (9) lami- 
nated, (10) stitchbonded, (1 1 ) wet-layed and any similar 
technologies known to those skilled in the art. The 
spunbonded technology is preferred for preparing the 
filter medium of the invention. An excellent summary on 
nonwoven fabrics and the technologies used to make 
them may be found in the Encyclopedia of Polymer Sci- 
ence and Engineering . Vol., 10 (John Wiley & Sons, 
Inc., New York 1987), pages 204-253 and references 
cited therein. 

[0029] The nonwoven filter medium of the invention 
can be made using any number of different "layers" 
which, for reference, can be designated A, B, C, D, E,_, 
G, H, .. and so forth. The term "layer" as used herein 
thus refers to a grouping of filaments which may be 
identical or which may be different. Thus, each layer 
may contain one filament, F1, or a plurality of filaments 
F1, F2, F3, F4,...,and so forth. (Note: "P is reserved for 
filaments, not layers.) For example, using the spun- 
bonded process, each "layer" would be extruded from 
one or a plurality of rows of spinnerets or dies aligned 
across a surface, each spinneret or die having a plural- 
ity of openings or holes for emergence or spinning of the 
filament, said openings or holes being from about 10 to 
about 1000 per spinneret. In a continuous spunbonded 
process, the surface may be a moving belt, or the dies 
may move, and the plurality of dies would be preferably 
aligned across the width of the belt or surface as well as 
along the belt or surface. Further, the different materials 
can be laid down in any order. For example, in a three 
layer system A, B and C, the layer order could be ABC, 
ACB, BCA, BAG, CAB or CBA. All such combinations 
and permutations are within the scope of the invention. 
(Note: as used herein, the order in which the layers are 
extruded from the dies onto the surface used in manu- 
facturing the nonwoven filter medium of the invention 
will always be read from left to right. Thus, in an ABC 
system, the order is A lirst, B second and C last. How- 



ever, when in use as a filter medium, the layers can be 
in either order, flow inlet to flow outlet, depending on 
how they are placed in the filter unit. Thus one can have; 
FLOW -> ABC or FLOW -> CBA. Generally, the support 

5 layers are on the flow outlet side.) 

[0030] Furthermore, in accordance with the invention, 
each layer of the filter medium may be independently 
comprised of one or a plurality of filaments F1, F2, F3, 
F4 etc. Such filaments may be heterofil filaments or 

10 homofil filaments. Each filament may extruded from one 
or a plurality of spinnerets. Thus in an ABC layer system 
where A = F1 only, B = F2 only and C = F3 only, the fil- 
ament order may be F1F2F3, F1F3F2, F2F3F1, 
F2F1F3, F3F1F2, or F3F2F1. 

is [0031] As one may readily determine, the possible 
combinations and permutations become large very 
quickly as the number oflayers", types of filaments and 
number of rows of spinnerets increases. An example 
best illustrates the possibilities. 

20 [0032] Fig. 6 illustrates a filter medium of four "layers" 
ABCD in which: 

(1) layer A contains two homofil filaments 640 (F1) 
and 650 (F2) in an alternating pattern 

25 F1,F2,F1,F2,F1; 

(2) layer B contains two heterofil filaments 660 (F3) 
and 670 (F4) in an alternating pattern 
F3,F4 1 F3,F4,F3; 

(3) layer C contains a homofil filament 640 (F1 ) and 
30 a heterofil filament 660 (F3) in an alternating pat- 
tern F1,F3,F1,F3,F1; and 

(4) layer D contains homofil filament 680 (F5, of 
larger size than F1 filament 640) and heterofil fila- 
ment 670 (F4) in an alternating pattern 

35 F5,F4 ( F5,F4,F5. 

Variations are possible. For example, eliminating the 
central rows of spinnerets in each layer of Fig. 6 would 
result in layer A being F1,F2,F2,F1, layer B being 
40 F3,F4,F4,F3, layer C being F1,F3,F3,F1, and layer D 
being F5,F4,F4,F5. 

[0033] Alternatively, one may view Fig. 6 as represent- 
ing a one layer filter medium formed by using twenty 
rows of five types of spinnerets laying down filaments 
45 F1, F2, F3, F4 and F5 in the order 
F1 ,F2,F1 ,F2,F1 ,F3,F4,F3,F4,F3, F1 ,F3,F1 ,F3,F1 , 
F5,F4,F5,F4,F5. 

[0034] The illustrations shown and discussed herein, 
as well as variations thereon, are within the scope of the 

so invention in so far as they concern the number of'lay- 
ers", the number of spinneret rows per layer, and the 
physical and chemical composition, including the 
denier, of the filament extruded from each spinneret 
row. In order to facilitate understanding of the invention 

55 and the principles thereof, the Examples given herein 
and Figs. 2-5 are simplified and may contain repeat lay- 
ers. 

[0035] The nonwoven filter medium of the invention 
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comprises a plurality of filaments. This plurality of fila- 
ments is divided into two groups having different 
dpf(denier per filament) values, the first group being 
about 0.50 to about 40 dpf, preferably about 0.5 to about 
2.5 dpf, and most preferably about 1.5 to about 2.0 dpf 
and the second group being about 2.5 to about 100 dpf, 
preferably about 4.0 to about 50 0 dpf, and most prefer- 
ably being about 4.0 dpf to about 5.0 dpf. However, if 
two layers incorporating identical polymers that can be 
distinguished by other means should be used in practic- 
ing the invention, for example, fiber/filament size or 
shape, different letter codes would be required for des- 
ignating these polymers. For example, in hypothetical 
ABBB filter medium where all "B* layers are polyethyl- 
ene, two spinnerets per layer, but two adjacent "B" fila- 
ment layers were of 3.7 dpf and one "B" layer was of 4.4 
dpf, one proper designation would be ABBC due to the 
difference in "B" filament deniers. 
[0036] When a plurality of filament layers are used in 
practicing the invention, the percentage of each layer in 
the product nonwoven filter medium can vary in the 
range of 5-95%. Thus, in the simplest system, AB, one 
filament type per layer, the percentage of A filaments 
can range from 5-95% and the percentage of B fila- 
ments can range from 95-5%. 

[0037] As one skilled in the art would recognize, there 
is an almost limitless number of possible combinations 
and permutations arising from the number of filaments 
laid down to constitute the nonwoven fabric, the type of 
filament (i.e., polyester, polyamide, polyolefin and simi- 
lar thermoplastic fibers) and the frequency with which 
each type arises in a given group of filaments, the pos- 
sible dpf values of each filament in the combination, the 
possible use of heterofil as well as homogeneous fila- 
ments or fibers, and similar variables which may be con- 
sidered in preparing the filter medium of the invention. 
The guidelines given herein are illustrative of the inven- 
tion and are provided in order that one skilled in the art 
may practice the invention without undue experimenta- 
tion. Adjustments according to the guidelines provided 
herein would enable one skilled in the art to produce a 
■filter medium" which would in fact find other uses. For 
example, by reducing fluid permeability below that gen- 
erally found in filter media designed to remove particu- 
lates from air, but retaining some permeability, the 
resulting material may be used in parachutes (lower air 
permeability) or as a printable medium (smaller dpf val- 
ues yield a "smoother surface which is easier to printer 
on), or in moldable applications (smaller dpf values yield 
a more pliable fabric).. 

[0038] For use as a fluid filter medium, the material 
produced according to the invention preferably has a 
thickness from about 0.1 to about 1 .5 mm (millimeters), 
However, as those skilled in the art will recognize, this 
thickness can be changed to meet the specific needs 
which may arise without changing the spirit and scope 
of the invention. 

[0039] The weight of the filter medium of the invention 



may be any weight in the range of about 50 to about 
2000 grams per square meter, or higher, depending on 
the choice of materials and the number of layers in the 
filter medium. In fact, there is only a practical limit to the 
5 weight, not a theoretical limit. In the preferred embodi- 
ments given herein, the weight is from about 80 to about 
1000 grams per square meter. 

[0040] The material or filter medium made according 
to the invention may be air-bonded, particularly in those 

w instances when a core-and-sheath fiber is used in mak- 
ing the material or medium. The air-bonding tempera- 
ture is sufficiently high to melt or soften the sheath 
polymer so that it flows across to adjacent filaments 
wherever the core-and-sheath fiber contacts other fib- 

15 ers or filaments. However, this temperature is such that 
the core polymer filament does not melt. For the pre- 
ferred polyesters, the air bonding temperature is from 
about 150 to about 260 °C. 

[0041] Fig. 4A illustrates, before and after heat appli- 
ed cation, a plurality of heterofil core-and-sheath filaments 
410 having a higher softening/melting core component 
420 and a lower softening/melting sheath component 
430 (the wide dark ring in the figure). As illustrated in 
Fig. 4A(1), prior to the application the separate fila- 
25 ments of 41 0 may be adjacent as illustrated at 440. The 
application of heat causes the sheath 430 to soften or 
melt, and fuse as illustrated in Fig. 4A(2) at 450. 
[0042] Fig. 4B illustrates, before and after heat appli- 
cation, a bicomponent, filament geometry comprising a 
30 binder polymer 460 and a base polymer 470, wherein 
the binder polymer 460 has a lower softening/melting 
point than base polymer 470. As illustrated in Fig, 4B(1 ), 
prior to heat application the separate filaments 460 and 
470 may be adjacent as illustrated at 480. The applica- 
35 tion of heat causes filament 460 to soften or melt, and 
fuse, bind or bond to filament as illustrates in Fig. 4B(2) 
at 490. While Fig. 4B illustrates the "smaller" of the two 
filaments as bring the lower softening/melting polymer, 
the situation can be reversed if desired. Furthermore, a 
40 heterofil filament can replace one or the other of the fil- 
aments illustrated in Fig. 4B, and either the no n- heterofil 
filament or the lower melting component of the heterofil 
filament can be the binding substance. Generally, the 
binding filaments can fall within either or both of the 0.5- 
45 2.5 dpf and the 2.5-100 dpf categories, regardless of 
whether they are heterofil or non-heterofil filaments. 
[0043] The material or filter medium according to the 
invention may also be calendered by passing the mate- 
rial between two rollers with the application of pressure 
so and/or heat. The material can also be gauged by this 
process. The gauging can reduce the pore size of the 
resulting material and thus increase filter efficiency. Cal- 
endering may produce either a smooth or an embossed 
product. A smooth product is preferred. The calendering 
55 temperature for the preferred polyester filaments is from 
about 150 to about 260 °C and the pressure is from 
about 5 to about 250 bar. 

[0044] The material may be heat set before or after 
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calendering. Heat setting temperatures for the preferred 
polyester materials are from about 1 50 to about 260 °C. 
[0045] Different air-bonding, calendering and heat set- 
ting temperature and pressures may be employed for 
thermoplastic materials other than polyesters; e.g. s 
polyamides or polymethacrylar.es and similar materials. 
The range of temperatures and pressures are known to 
those skilled in the art and may also be found in the var- 
ious volumes of the Encyclopedia of Polymer Science 
and Technology cited herein and similar reference io 
books. 

[0046] The material of filter medium according to the 
invention can optionally be needled by methods known 
to those skilled in the art. Such needling moves and 
interlocks the fibers to provide strength and delamina- is 
tion resistance in addition to that obtained in the heat 
bonding process. Any amount of needling may be used. 
For example, in the examples herein at least two nee- 
dling units are used, one making 5-20 stitches/cm 2 , 
preferably 10-15 stitches/cm 2 , at a penetration of about 20 
1 1 mm and the other making 30-50 stitches/cm 2 , prefer- 
ably 35-45 stitches/cm 2 , at a penetration of about 6 mm. 
Variations on the amount of needling and the number of 
needles used are deemed within the scope of the inven- 
tion. Alternatively, no needling may be used. 25 
[0047] The following examples are given to illustrate 
the invention and are not to be taken as limiting the 
scope or spirit of the invention. It is also foreseen that in 
some applications media according to the invention may 
be used in combination with other types of media, for 30 
example, conventional media, to improve overall filtering 
performance. For example, media according to the 
invention may be laminated to conventional media, be 
utilized in stack arrangements, or be incorporated, as 
an integral feature, in to media structures including one -35 
or more regions of conventional media, tt may be 
upstream of such media as a pre-filter or for good load, 
and/or it may be used downstream of conventional 
media as a high efficiency polishing filter. The many var- 
iations possible will be apparent to one skilled in the art ao 
from the examples and descriptions contained herein. 

Ex ample 1. 

[0048] A nonwoven filter medium was prepared using 45 
four filament streams in an BBBA configuration, where 
B = F2, two spinneret rows per layer and A = F1 , two 
spinneret rows per layer. All of the filaments were of the 
same core-and-sheath variety with the A filaments 
being 1.5-1.7 dpf and the B filaments being about 4.5 so 
dpf. The nonwoven fabric was prepared using standard 
equipment as illustrated in Fig. 1 at 10. Core polymer 
chips were stored in silo 12 before transfer to chip hop- 
per 14 and chip dryer 16. Dried chips were fed from 
dryer 16 into extruder 20 along with a color agent 55 
(optional) from color feeder 18. Core polymer from 
extruder 20 was fed along line 22 into spin pumps 40, 
42, 44 and 46 along with the sheath polymer which was 



fed into the spin pumps along line 24 where it coats the 
core polymer. The resultant filaments emerging from the 
spinnerets (not illustrated) are stretched, then laid down 
on belt 30 which moves along rollers in roller assem- 
blies 31 . The spunwoven material or fabric 32 is laid-off 
belt 30 and passes through needlers 50 {10-15 
stitches/cm 2 at 1 1 mm penetration) and 52 (35-40 
stitches/cm 2 at 6 mm penetration) before passing 
through weight measuring device 54 and entering air- 
bonder 56 and calendering unit 58. After calendering, 
the nonwoven fabric 32 may be either wound on auxil- 
iary winder 60 or it may be sent to binder room 62 
and/or resin curing/heat setting oven 64 for further heat 
treatment to cure resin and /or heat set nonwoven fabric 
32. Nonwoven fabric 32 can then pass over accumula- 
tors 66 before being wound on winder 68. 
[0049] The core-and-sheath filaments of A and B com- 
prised 70% polyester polyethylene terephthalate as the 
core polymer and 30% adi pate -modified polyester poly- 
ethylene terephthalate as the sheath polymer. The spin- 
nerets used to lay down layer A on surface 30 were 304 
hole spinnerets and those used to lay down the B layers 
were in the range 10-1000 hole spinnerets, for example, 
60 hole spinnerets. The weight of the fabric was in the 
range 200-370 g/m 2 (grams/square meter). The product 
was air-bonded at 56 at a temperature in the range 230- 
235 °C, calendered at 58 at a temperature of about 200 
°C with an S-wrap configuration as illustrated, and heat 
set at 64 at a temperature of about 200 °C. 
[0050] The resulting fabric had a thickness in the 
range 0.4-0.55 mm and did not crack or crease when 
bent over a 2 inch diameter mandrel at ambient temper- 
ature (15-30 °C). Air permeability was measured by the 
Frazier test and was found to be in the range 35-50 
cfm/sq.ft. with a pressure drop of 0.5 inch water column. 
[0051] Fig. 2 illustrates a nonwoven filter medium of 
the invention made as described herein. The support 
structure 210 corresponds to the 4.5 dpf B-filaments 
and the line filtration structure 230 corresponds to the 
1 .5-2.0 dpf A-filaments. Inlet fluid flow is along the direc- 
tion of the arrow. The fine filtration structure was found 
to afford superior filtration properties and flow distribu- 
tion, improved cleanability and abrasion resistance and 
excellent surface loading characteristics relative to com- 
mercially available filter media. The support structure 
BBB provides physical strength and stiffness, and is 
highly porous to provide high air permeability, little pres- 
sure drop and longer filter life, The filter medium pre- 
pared according to the invention was found to effectively 
remove particulates 240, being particularly suitable for 
particulate of about 25 microns down to a size of about 
0.1 microns, (in Figs. 2, 3 and 5, the solid circles repre- 
sents particulates. Flow is indicated by the FLOW 
arrow.) 

Example 2 

[0052] A nonwoven filter medium was prepared as in 
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Example 1 using four filament streams in an BBAB con- 
figuration, two spinneret rows per layer. As shown in 
Fig. 3, the top filament layer 320, which provides for the 
removal of larger particulates and increased depth- 
loading of the filter medium, and the support structure 
310 are comprised of the 4.5 dpf B-filaments. The tine 
filtration structure 330 is comprised of the 1 .5-2.0 dpf A- 
filaments. The filter medium prepared according to the 
invention was found to effectively remove particulates 
340, being particularly suitable for particulates of about 
25 microns down to a size of 0.1 microns. This sand- 
wiching of the finer filtration layer, layer A, has the addi- 
tional advantage of providing it greater damage 
protection. 

E xa mple 3 

[0053] A nonwoven filter medium was prepared as in 
Example 1 using four filament streams in an BAAB con- 
figuration, two spinneret rows per layer. As shown in 
Fig. 5, the top filament layer 520, which provides for the 
removal of larger particulates and increased depth- 
loading of the filter medium, and the support structure 
510 is comprised of the 4.5 dpf B-filaments. The fine fil- 
tration structure 530 is comprised of the 1.5-2.0 dpf A- 
filaments. The filter medium prepared according to the 
invention was found to effectively remove particulates 
540, being particularly suitable for particulates of about 
25 microns down to a size of 0.1 microns. This sand- 
wiching of the finer filtration layer, layer A, has the addi- 
tional advantage of providing it greater damage 
protection. 

[0054] In preparing the filter medium of the invention 
by a non-woven process, the present invention has the 
additional advantage of being a one-step process. In 
the preferred embodiments, the filter medium of the 
invention is prepared by a one-step spunbond process 
as illustrated in Fig. 1. 

Claims 

1 . A filter medium comprising a nonwoven filter mate- 
rial, particularly a spunbond filter material, having a 
plurality of layers, laid down in any order, at least 
one of which layers is comprised of first thermo- 
plastic filaments of about 0.5 to about 2.5 denier- 
per-filament and at least one of which layers is com- 
prised of second thermoplastic filaments of about 
2.5 to about 100 denier-per-filament; 

wherein any remaining of said plurality of layers is 
comprised of thermoplastic filaments selected from 
the group consisting of about 0.5 to about 2.5 and 
about 2.5 to about 100 denier per-filament fila- 
ments. 

2. The filter medium according to claim 1 , wherein the 
first thermoplastic filaments are about 1.5 to about 
2.0 denier per filament and the second thermoplas- 



tic filaments are about 3.5 to about 5.0 denier per 
filament, and the remaining, if any, of said plurality 
of layers is comprised of thermoplastic filaments 
selected from the group consisting of about 1.5 to 
5 about 2.0 and about 3.5 to about 5.0 denier-per-fil- 

ament filaments. 

3. The filter medium according to claim 1 or 2, wherein 
the thermoplastic filaments are selected from the 

w group consisting of polyester, polyamide, polimide, 
acrylate, methacrylate and polyolefin filaments. 

4. A filter medium according to claim 1 or 2, wherein 
said first and second filamenst are both polyester 

15 filaments, wherein at least one of said polyester fil- 
aments is a heterofil filament. 

5. The filter medium according to claim 3, wherein the 
first thermoplastic filament is a heterofil filament, 

20 particularly a polyester core-and-sheath filament. 

6. The filter medium according to claim 5, wherein the 
first and second thermoplastic filaments are 
bonded together by the sheath material of the core- 

25 and-sheath filament. 

7. The filter medium according to claim 3 or 4, wherein 
the first and second thermoplastic filaments are 
heterofil filaments, particularly polyester core-and- 

30 sheath filaments. 

8. The filter medium according to claim 4 or 6, wherein 
the first and second thermoplasic filaments are 
bonded together by the sheath material of the first 

35 and second core-and-sheath filaments. 

9. A filter medium comprising a spunbond filter mate- 
rial having four layers consisting of one A-layer and 
three B-layers, the layers being set down in any 

40 order, said A-layer comprising a first polyester fila- 
ment of about 1.5 to about 2.0 denier-per-filament 
and said B-layers comprising a second polyester fil- 
ament of about 3.5 to about 5.0 denier-per-filament; 
wherein at least one of said first and second polyes- 

45 ter filaments is a heterofil filament, 

wherein said polyester filaments are bonded 
together by the lower softening/melting component 
of at least one of said heterofil filaments by a heat 
treatment selected from the group consisting of cal- 

50 endering, air-bonding, oven heating and similar 
heat treatments, and 

wherein said polyester filaments are intertwined by 
needling. 

55 10. The filter medium according to claim 9, wherein one 
of said B-layers is changed to an A-layer, the layers 
being set down in any order. 
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11. A filter medium according to claims 1 - 3, wherein 
the thermoplastic filaments are non-heterofil, and 
wherein at least one of said first and second non- 
heterofil thermoplastic fibers has a lower melt- 
ing/softening point than the remaining thermoplas- 5 
tic fibers. 

12. The filter medium according to claim 11, wherein 
the thermoplastic filaments are bonded together by 

at least one of the lower softening/melting fila- 10 
ments, particularly polyester filaments. 

13. The filter medium according to claim 12, wherein all 
thermoplastic filaments are polyester filaments and 

at least one, but not all, of said polyester filaments 15 
is a lower softening/melting polyester filament. 

14. The filter medium according to claims 11 -13, 
wherein the first non-heterofil thermoplastic fila- 
ments are about 1 .5 to about 2.0 denier per filament 20 
and the second non-heterofil thermoplastic fila- 
ments are about 3.5 to about 5.0 denier per fila- 
ment, and the remaining, if any, of said plurality of 
layers is comprised of non-heterofil thermoplastic 
filaments selected from the group consisting of 25 
about 1 ,5 to about 2.0 and about 3.5 to about 5.0 
denier-per-filament filaments; 

wherein at least one of said first and second non- 
heterofil thermoplastic fibers has a lower melt- 
ing/softening point than the remaining thermoplas- 30 
tic fibers. 
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Fig. 5 
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Fig. 6 
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